We develop a systematic comparison of equations of state computed within the three (TF, TFD and TFDW) Thomas-Fermi modellings with results obtained from the Average Atom Model.
INTRODUCTION
It is well-aknowledged that the understanting of pellet compression for the purpose of achieving Inertial Confinement Fusion (ICF) requires accurate equations de state (EOS) on a very large range of density and temperature values 1.2. Heavy as well as light materials have to be considered. As expected, a lot of effort have already been devoted to this problem. Amongst the many theoretical frameworks employed for attacking it, a lion share has been provided by Thomas-Fermi (TF) like and its modern offsprings such as the Density Functional Theory (DFT)3. The basic idea is then to combine Poisson equation, accounting for the nucleuselectron interaction, with Fermi statistics for the electron jellium. This scheme may also be extended to include exchange within electron component (Thomas-Fermi-Dirac (TFD) model). Subsequently, the diverging electron density at the nucleus has also been corrected by including gradient corrections (Thomas-Fermi-Dirac-Weizacker (TFDW) model). These modellings build up essentially a classical picture with electrons treated within a BKW -like and semi-classical setting 4 . More recently, it has been proposed [MORE 1979 ] to treat quantum-mechanically the bound electrons, while keeping those with a positive energy, the free ones, in a classical approximation. One thus obtains the so-called Average Atom Model (AAM) of frequent use for ICF target studies. All these developments obviously point out the need for a detailed comparison of the respective merits and limitations displayed by these various methods of EOS calculation.
Already, some studies have already been devoted to a critical evaluation of accuracy versus numerical efforts of several approaches 1.
The main goal of this work is to compare at the EOS level, the performances of the above four advocated methods: TF, TFD, TFDW and AAM. In order to make meaningfull such a comparison, we intend to work out identical analytic approximations in the various models for specific physical features: exchange, correlation or gradient corrections. In so doing, we expect a fair evaluation of the characteristics of each approach. One of the by-products of such studies is that an accurate EOS evaluated within a TF frameworks for a given temperaturedensity range, does not always require the most sophisticated modelling, i.e. TFDW, for instance. Such numerical remarks are of obvious interests for handling in a most economical way, the heavy numerical codes describing ICF target compression in various conditions. In Sec. 2, the status of TF like approximations is asserted. A systematic derivation of TF, TFD and TFDW thermodynamics is given in Sec. 3 within DFT formalism. The AAM is detailed in Sec. 4. Numerical results are presented and discussed in Sec. 5.
THOMAS-FERMI-LIKE APPROACHES: GENERAL REMARKS
Before proceeding with the formal developments, it is worthwhile to recall briefly the status of Thomas-Fermi like approximations for atoms, molecules, plasmas, solids, etc ... 
